Introduction {#sec1-1}
============

Head and neck hemangioma is a refractory disease, which can cause appearance malformation, abnormal function, or psychological barriers. The surgical resection of this disease may lead to massive blood loss, incomplete resection, disfiguring, or recurrence. At present, the intratumoral injection of hardener has been widely applied to treatment of hemangioma, which has obtained exact efficacy.\[[@ref1][@ref2][@ref3]\] Many studies have indicated that bleomycin A5 has strong anti-tumor effect, with low toxicity and damage to the lung,\[[@ref4]\] and is an ideal drug to hemangioma,\[[@ref5][@ref6][@ref7]\] of which the possible mechanism is related to its inhibition of proliferation of vascular endothelial cells and induction of cell apoptosis.\[[@ref8][@ref9][@ref10]\] Therefore, further investigating the molecular mechanism of bleomycin A5 on hemangioma has significant importance for providing valuable clues to find new target in treatment of hemangioma. Human umbilical vein endothelial cell (ECV304) line is a model of *in vitro* vasculogenic mimicry.\[[@ref11][@ref12]\] In this study, the caspase-3, p53, and bcl-2 expressions and telomerase activity in ECV304 cells were observed, and the molecular mechanism of bleomycin A5 in inducing the apoptosis of ECV304 cells was investigated. The objective is to further apply bleomycin A5 to treatment of hemangioma.

Materials and Methods {#sec1-2}
=====================

 {#sec2-1}

### Cell Culture and Treatment {#sec3-1}

ECV304 cells were provided by Institute of Biochemistry, Institutes for Biological Sciences of Chinese Academy of Sciences, China, which were prepared as follows: The umbilical cord veins were infused with digestive enzyme for digestion, and the vascular endothelial cells were obtained, followed by culture in M199 containing 20% fetal bovine serum. Then the cells were identified as ECV304 cells by factor VIII immunofluorescence staining and scanning electron microscopy. After adding cryopreservation solution containing 10% dimethyl sulfoxide (DMSO), the cells were placed in liquid nitrogen and stored for use. ECV304 cells were cultured and passaged in Corning cell culture flasks (Corning Company, Ltd., China) under the same conditions. These cells were divided into control group and three treatment groups, three specimens in each group. After the cells covered the bottom of flask, the later three groups were treated with 15, 75, and 150 μg/ml bleomycin A5 for 24 hours, respectively, without any treatment of the control group. The shed cells were collected for test. This study was conducted in accordance with the declaration of Helsinki and with the approval from the Ethics Committee of Eye and ear, nose, throat (ENT) of 118 Military Hospital of China. Written informed consent was obtained from all participants.

### Determination of Caspase-3, p53, and bcl-2 Expression {#sec3-2}

The caspase-3, p53, and bcl-2 expressions were determined using BD FACSCalibur flow cytometer (Jieweifu Company, China). The shed ECV304 cells (5 × 10^6^) were added with 200 μL Cytofix/Cytoperm solution (Shanghai Leihao Information Technology Co., Ltd., China), followed by standing (4°C, 30 min) for fixation and perforation. After centrifugation at 1500 × g for 15 min, the supernatant was removed, and then 1 ml Perm/Wash solution (Shanghai Hao Ran Biological Technology Co., Ltd., China) was added, followed by centrifugation at 1500 ×g for 5 min. After removing the supernatant, the caspase-3, p53, and bcl-2 antibodies were added to the experimental tube, respectively (the isotype antibody was added to the control tube), followed by incubation (4°C, dark) for 30 min. Five hundred microliter Perm/Wash solution was added, followed by washing for two times. Three hundred microliter washing liquid was added to suspend the cells. The Cell quest software was used to analyze the percentage of caspase-3-and bcl-2-positive cells and p53-positive cell fluorescence intensity. Each test was repeated for two times.

### Determination of Telomerase Activity {#sec3-3}

After treatment with bleomycin A5, the cells were observed under inverted microscope (Leica Microsystems CMS GmbH, Mannheim, Germany). The shed cells were could be observed in the culture medium. These shed cells were collected and added with S-100 extraction solution (20 μl of 1 × CHAPS lysis buffer, 2 μl of 1 mM phenylmethylsulfonyl fluoride (PMSF), and 1 μl of 0.1 M β-mercaptoethanol solution). The mixture was treated by ice bath for 30 min, followed by pipetting for 3--5 times. After centrifugation at 4°C and 12,000 r/min for 30 min, the supernatant was collected. The protein concentration was determined by Bradford method, using BSA as standard protein. The activity of telomerase was determined using telomere repeat amplification protocol (TRAP)-silver staining method. The staining results were observed and photographed.

### Statistical Analysis {#sec3-4}

Statistical analysis was performed using statistical package of social sciences (SPSS) 10.0 statistical software. A paired *t*-test was used to analyze the differences among different groups, and *P* \< 0.05 was considered as statistically significant.

Results {#sec1-3}
=======

 {#sec2-2}

### Effects of Bleomycin A5 on Caspase-3, p53 and bcl-2 Expressions {#sec3-5}

As shown in [Table 1](#T1){ref-type="table"}, after treatment with different concentration of bleomycin A5, the expression of caspase-3 in ECV304 cell was increased. It was significantly decreased with the increase of bleomycin concentration, but the difference between 75 μg/ml and 150 μg/ml groups was not significant. Bleomycin A5 could significantly increase the expression of p53, with concentration dependence. It had no obvious effect on bcl-2 expression in ECV304 cells.
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### Effects of Bleomycin A5 on Telomerase Activity {#sec3-6}

[Figure 1](#F1){ref-type="fig"} shows that, in control group, the transverse streaks indicated the telomerase stripes, which had obvious color. This suggests that there was high expression of telomerase in control group. After treatment with bleomycin A5 (15 μg/ml), the color of telomerase stripes was significantly lighted, indicating decreased telomerase activity. In the 75 and 150 μg/ml bleomycin A5 groups, there was almost no telomerase strip, which indicated that the telomerase activity was significantly inhibited. Bleomycin A5 could significantly inhibit the telomerase activity in ECV304 cells, with concentration dependence.

![Effects of bleomycin A5 on telomerase activity](IJPharm-47-55-g002){#F1}

Discussion {#sec1-4}
==========

Cysteine-aspartic specific protease, also called caspase, plays an essential role in apoptosis and is related to cell morphological feature.\[[@ref13]\] Some studies demonstrated that there is a correlation between ECV304 cell apoptosis induced by many factors and activated caspase.\[[@ref14][@ref15]\] We compared the expression of caspase-3 before and after bleomycin A5 treatment and found that expression of caspase-3 was increased in all groups treated with bleomycin A5, but there was no dose-dependent effect. This result indicated that caspase-3 might be involved in the apoptosis process of vascular endothelial cell induced by bleomycin A5, which seems be independent of drug concentration. This cause needs to be further investigated. p53 gene, also called wild type p53, which encodes p53 protein, is made up of 393 amino acids. The p53 protein is crucial in multicellular organisms, and its function is to regulate cell cycle, deoxyribonucleic acid (DNA) repair and apoptosis induction.\[[@ref16]\]

While bleomycin A5-induced cell apoptosis through p53 pathway is never reported, we conclude that bleomycin A5 is the subtype of bleomycin which significantly induced cell apoptosis in the wild-type mouse cerebellar internal granular layer (IGL) and Purkinje cell layer (PL) through p53 pathway. However, in p53-deficient mice, these responses were not observed.\[[@ref17]\] This suggested that bleomycin-induced cell apoptosis depending on p53 but some studies reported that bleomycin was independent on p53 to induce cell apoptosis in head and neck squamous cell carcinoma.\[[@ref18]\]

In this study, we observed that the p53 level was up-regulated after treatment of bleomycin A5, especially treatment of high concentration of bleomycin A5 in ECV304. p53 level was a significant difference between control group and treatment group, and bleomycin A5 concentration was dose-dependent. This result suggested that bleomycin A5-induced ECV304 cell line apoptosis through p53 pathway. However, according to previous studies,\[[@ref19][@ref20]\] we speculated that bleomycin A5-induced cell apoptosis in different cell types might have been independent or dependent on p53 pathway. Therefore, we need further studies to prove it.

Anti-apoptotic protein, bcl-2, contains BH3 domain necessary for dimerization with Bax to inhibit pro-apoptosis protein activity. Furthermore, bcl-2 also inhibits the release of cytochrome C to protect cell against apoptosis process, and bcl-2 blocks oxygen-free radicals to cause cell death through antioxidation pathway.\[[@ref21]\] In the process of cell apoptosis induced by bleomycin A5, we detected bcl-2 expression. Result showed that there was no significant different between control group and treatment groups. This indicated that bleomycin A5 didn't increase Blc-2 level, which was in line with previous study.\[[@ref22]\] However, Chang *et al*.,\[[@ref23]\] found that bcl-2 was down-regulated after treated with licochalcones that induced ECV304 cell line apoptosis. Therefore, whether there results were caused by different cell lines or by different chemotherapy drugs need to be studied further.

Kim *et al*.,\[[@ref24]\] established an amazing method that called TRAP to detect telomerase activity in 1994, which was an important milestone. In our study, we measured telomerase activity through TRAP-silver stain method in ECV304 cells. Results showed that the telomerase expression was observed in control group, but not seen in treatment groups which were treated with different concentrations bleomycin A5. In control group, band was deep, which suggested telomerase activity was high expression. In 15 μg/ml bleomycin A5 group, color of band was weak, and there was no band in 75 μg/ml bleomycin A5 group and 150 μg/ml bleomycin A5 group. This indicated that the telomerase activity of ECV304 was inhibited by bleomycin A5.

In conclusion, bleomycin A5 can increase caspase-3 and p53 levels and inhibit telomerase activity to induce ECV304 apoptosis. In addition, the expression of caspase-3 is closely related with the cell apoptosis induced by bleomycin A5. These results give us more ideas to make further studies. For example, recombinant caspase-3 gene can suppress the growth of breast tumor *in vivo*. It is necessary to use this method to choose an effective and direct way to treat hemangioma, and avoid using chemotherapeutic drugs which probably cause severe adverse effects.
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